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This notedescribeshe syntax,staticsemanticsanddynamicsemanticef a smallfunctionallanguage The
materialis basedon Chapters3-6 of RobertHarpers recentmanuscriptProgramminglLanguages: Theory
and Practice[1] but the dynamicsemantichasbeenadaptedo be ascloseaspossibleto the style usedby
the Jbook[2] for describinghe semantic®f Jasa.

2 Syntax

The syntaxis givenby thefollowing BNF. In the following n rangesover integers;andbothz and f range
overidentifiers:

yai
D2

integer type
booleantype
functiontype

integer constants

variables

primitive applications
booleanconstants
conditionalexpressions
userdefinedrecursivefunctions
functionapplications

atrivial program
anothettrivial program

Types t == int
| bool
| tot
Opemators o == +| — | x|/]| =] <
Expressions e = n
| =z
| olee)
| true | false
| if etheneelsee
| (funtf (t2) {e})
| ele)
Herearesomeexamplesof programsawith their intuitive semantics:
5
+(+(1,2),+(3,4))
+(+(1,2), + (/(1,0),4))

D3
Dbs
Dbs
Ds
b7
Ds

(funint f (i nt z) {if
(funint f(int z) {f(2)})

+(true, 1)
(funint f (bool z){z})

3 Static Semantics

dividesby zero

= (z,0) then1else x (z, f(—(z,1)))}) factorial

infinite loop
evaluatedo 1
typeerror
anothertypeerror

The staticsemanticdilters the setof syntacticallycorrectprogramgo excludethoseprogramshatarenot
well-typedaccordingto therulesbelow. Theintention(which we formalizeandprove in Section5) is that



if (x:t) el

TkFn:int T' I true : bool T' I false : bool 'taxz:t
I'kep:int I'key:int I'kep:int I'key:int
I' k= (e1,e2) : bool I'k< (e1,€e2) : bool

F"Gliint F|_€2:int
'k o(er,ez2) :int

if o is oneof {+, —, x, /}

Fl_€12b00| T'key:t F|_63:t
T'kif e; thene, elsees : ¢

Tx:ty, fity, ot Fe:t, T'kei:ita =t T'kes:ts
TF (funt, f (t; ) {e}) : tz — tr Phkei(e):t

the evaluationof a well-typedprogramwill be guaranteechot to encounteia certainclassof errors. Note
thatawell-typedprogrammaystill encounteerrorsin anotherclass:non-terminatioranddivision by zeroin

our smalllanguageAlso notethata programthatfails to typecheclkaccordingo our rulesmaystill evaluate
withoutary errors. (For exampleif true then 1 else + (2, false) doesnot typecheckout evaluateso 1.) In

summarythetyperulesarea staticapproximationof what constitutes’good behavior.” Thefactthatsuch
staticapproximationganneverbeexactmeandhatonecanalwaysdevelopamoresophisticatedypesystem
thatacceptsa differentclassof programs.

Beforegettingto the type rules, note that the syntaxforcesevery variabledeclaratiorto be associated
with atype: theformal parameteof afunctionmustbe givenatype,andthefunctiondeclaratioritself must
be givenareturntype. Intuitively speakinghe procesof type checkingis to make surethat every useof a
variableis consistentvith its declaration.To facilitatethis processyariabledeclarationandtheir typesare
collectedin atable(calledan ervironmentanddenotedwith the letterI') which is propagatedy the type
rulesfollowing the usualscopingrules. Thejudgmentl’ F e : ¢ meanshat giventhe environmentl’, we
canprove thatexpressiore hastypet. Eachrule provesajudgmentfor a certainkind of expressiormaking
assumptionaboutthejudgmentdor the subepressions.

Hereis anexamplederivationfor thefactorialexample:

z:int,f:int - int Fz:int @:int, f:int —int FO:int
@ :int,f:int — int k= (=, 0) : bool @:int, f:int - int F1:int
@:int,f:int —int Fif = (=z,0)thenlelse* (z, f(—(z, 1))) :int

@ F (funint f(int ) {if = (z,0)thenlelse * (z, f(—(=z,1)))}) :int —int

wherethederivationC is:

@ :int,f:int - int Fz:int z:int, f:int —int F1:int

@:int, f:int - int k f:int — int @ :int, f:int - int F —(2,1) :int
z:int,f:int - int Fz:int z:int,f:int —int b f(—(=z,1)) :int
@:int, f:int - int k x(z, f(—(=2,1))) :int

4 Dynamic Semantics

The dynamicsemanticss a function that mapsa syntacticallyvalid programto a value. The functionis
partialsinceprogramamaydiverge,causeerrorslik e division by zero,or getstuckif anonsensicabperation



suchasaddingl to true is attemptedat runtime.In the next sectionwe will be concernedvith the proofthat
well-typedprogramsannever getstuckduringevaluation.

To be closeto the ASM framework, the dynamicsemanticss specifiedusingan abstractmachine.The
machinehasthreecomponentsthe codebeingevaluatedthe ervironmentthatholdsthe valuesfor the free
variablesin the code,andthe stackof activation records. The evaluationproceedsn steps:at eachstep,a
subepressiorof theentireprogramis choserfor evaluation. Thesubexpressionsf theprogramaregradually
replaceduy their valuesuntil the entireprogramreducego a valueor evaluationgetsstuck.

To specifythis evaluationformally, we first needto definethe setof valuesandthenextendthe syntaxof
expressiongo accommodatéhefactthatsomesubepressionsnaybereplacedy valuesor runtimeerrors.

Values v

Environments p

(Runtime)Expressions e

n
true | false

(clogfun t f (t z) {e}), p)

DivZero

{1 =v1,22 = V2, -+, Zp =Vp}
n

X

o(e,e)

true | false

if e then e elsee

(fun't f (¢ 2) {e})

e(e)

n

true | false

(closfun ¢ f (¢ 2) {e}), p)

DivZero

integer values

booleanvalues
functionvalues(closues)

error conditionfor divisionby zeo

integer constants

variables

primitive applications
booleanconstants
conditionalexpressions
userdefinedrecursivefunctions
functionapplications

integer values

booleanvalues
functionvalues(closuies)

error conditionfor divisionby zeo

The procesof choosingone subexpressiorto evaluateis bestexplainedusingthe notion of evaluation

contets definedbelow.

Evaluationcontexts

E

[] emptycontext

o(E,e) evaluateleft argumenfirst

o(v, E) whendonewith left argumentgoto right
if Ethene elsee needthevalueofthetest

E(e) left first

v(E) thenright

It is easyto verify thatevery expressiore hasa uniquedecompositiofinto anevaluationcontet E anda
subepressiorof interest.This is formalizedin thefollowing lemma.

Lemma 4.1 (Unique Decomposition) Every expressione is in one (and only one) of the following forms:

oneof thefollowing:

e avaluew,

e anevaluationcontet E filled with:

avariablez,

aninteger constantn,

a booleanconstantrue or false,
afunctiondeclamtion (funt f (¢t z) {e}),

anapplicationof a primitive operation to two valueso(v , v2),



— aconditionalexpressionwith an evaluatedtestpositionif v then e; elsees,,
— anapplicationof two valuesv, (v2).

Eachactiation recordis of the form (E, p). In otherwords, when a function call occurswithin an
evaluationcontext F, we sa/e the evaluationcontet on the stacktogethemwith the environmentneededor
its freevariables.

To evaluatea programe, the abstracmachineis putin theinitial state(e, @, []). A successfuévaluation
terminateswith a stateof the form (v, p, []) for somevaluev andervironmentp. The transitionsof the
machineare:

(v, 0',(E,p) : &) +— (E[v],p,K)
(E[n),p,6) +— (E[n],p,r)
(Elz],p,k) +— (Elp(z)],p, k)
(Eltrue], p,r) —>  (Eltruel, p, k)
(Elfalse],p,s) +— (E[false], p, k)
(E[(fun t' f (tz) {e})],p,6) +— (E[(clogfun t' f (t z) {e}), p)], p, )
<E[+(ﬂ7@)]ap7 H) L — (E[nl +n2]ap7 R)
<E[*(ﬂ7 @)],P, H) L — (E[nl *n2]7p7 H)
<E[_(ﬂ7@)]ap7 H) L — (E[nl _n2]ap7 R_)
(E[/(nh@)]apaﬁ) — (E[nl/nZ]apa K) if m2 7&0
(E[/(n,0)],p,x) ~— (E[DivZerd,p,x)
(E[= (n,n)],p,k) +— (E[truel, p, x) .
(E[_ (n17 2)]ap7 H) i (E[mﬁ]apa Kj) if ny 7é n2
(E[< (n1,n2)],p,6) +— (E[true], p, k) if ny < ny
(E[< (nlvnl)]apvﬂ) — (E[ﬂalj]vpvﬂ) if ny > no
(E[o(n, DivZero), p,k) +— (E[DivZerd,p, k)
(E[o(DivZerage)],p,k) +— (E[DivZerd, p, &)
(E[if true then e; elsees], p, k) —— (Ele1], p, k)
(E[if false thene; elsees], p, k) +—— (E[es], p, k)
(E[if DivZerothene; elsees], p, k) +—— (E[DivZerd, p, k)
(Elel(w)],p,k) — (e, [z = v, f = cll, (E, p) : )
wherecl = (clofun t' f (t z) {e}), p')
andv # DivZero
(E[DivZerdw)], p,k) +—— (E[DivZerd,p,k)
(E[{clogfun ' f (¢ z) {e}), p')(DivZerg], p,x) ~— (E[DivZerd,p,x)

5 TypeSafety

Intuitively typesafetymeanghatif aprogramtypecheckshenits evaluationcannofgetstuck.In otherwords,
if we aregivena machinestatewith a well-typedprogramthentheremustbe a way to make progressand
theresultingstatemustalsoconsistof awell-typedprogram.Theonly exceptionis of coursewhenwe reach
afinal stateof theform (v, p, []) wherethe programhasbeencompletelyevaluated.

Wewill talk abouttheproofin class.Writing this proofin asmuchasdetailasyou canis yourhomewvork.
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A AsmGofer Implementation

{--

File: mnM.gs

A smal |l typed functional |anguage and its formalization in AsnmGofer. ..

by Anr Sabry (based on Ch. 3-5 of Programm ng Languages: Theory and
Practice, Robert Harper, Draft of Dec. 2000 and using the style
devel oped for the JBook)

-- Annotated abstract syntax trees:

-- *initially the AST has no types and only uses syntactic constructors

-- * after typechecking the nodes are decorated with types

--  * during evaluation syntactic constructors are replaced by senmantic val ues

data M.Type = T_Int | T_Bool | T_Arrow M. Type M.Type
i nstance Asniferm MLType

data MLOp = OPlus | OTines | OMnus | OD v | OEqual | OLessThan
i nstance Asnifer m MLOp

data M.Terma = Terma [ M.Term a]
i nstance Asnifferm a => AsnTerm (M.Term a)

- Runtine values or errors

data M_.Form = -- a
-- Syntactic formns
S Num I nt -- 11
| S_Var String -- 11
| S PrimMOp -- [M.Terma, M.Term a]
| S True -- 11
| S_Fal se -- 11
| S_If -- [M.Terma, M.Terma, MTerm aj
| S Fun M.Type String (String, M. Type) -- [M.Term a]
| S_App -- [M.Terma, M.Term a]
|

R Val M.Val ue -- 11
| R_DivZero -- [1
instance Asmlferm M_LForm

type MLExp = M_.Term M_Form
type TypedM_.Exp = M_.Term ( MLFor m M_Type)

data M.Value = V_.NumInt | V_True | V_False | V_C osure MExp VEnv
i nstance Asniferm M.-Val ue



type VEnv = [(String, MVal ue)]

-- Static semantics:
-- * typechecki ng takes an AST and returns another AST with all the types
-- or aborts if there is an error

type TEnv = [(String, M.Type)]

tlookup :: String -> TEnv -> M.Type
tlookup v [] = error ("Typechecking: unbound variable " ++ v)
tlookup v ((s,t):r) =if v ==s thent else tlookup v r

typeOf :: TypedM.Exp -> M.Type
typeOf (Term(_,t) ) =1t

typecheck :: M.Exp -> TEnv -> TypedM.Exp
t ypecheck exp tenv =
case exp of

Term (S_Numi) [] -> Term (S_Numi, T_Int) []
Term (S_Var v) [] -> Term (S_Var v, tlookup v tenv) []

Term (S_Primb) [el,e2] | b == O Equal || b == O LessThan ->
|l et el’ = typecheck el tenv
e2’ = typecheck e2 tenv
rt = case (typeO el , typeO™ e2') of
(T_Int,T_Int) -> T_Bool
(t1,t2) ->
error ("Typechecking: operator <"
++ show b ++ "> requires operands of type int; found <"
++ show t1l ++ "> and <" ++ show t2 ++ ">")
in Term (S _Primb, rt) [el,e2']

Term (S Primb) [el,e2] | b == OPlus || b == 0OMnus ||
b==0OTines [| b ==0Dv ->
|l et el’ = typecheck el tenv
= typecheck e2 tenv
rt = case (typeO el , typeO™X e2') of
(T_Int,T_Int) -> T_Int
(t1,t2) ->
error ("Typechecking: operator <"
++ show b ++ "> requires operands of type int; found <"
++ show t1l ++ "> and <" ++ show t2 ++ ">")
in Term (S _ Primb, rt) [el,e2']

Term S True [] -> Term (S_True, T_Bool) []
Term S _False [] -> Term (S_False, T_Bool) []
TermS If [el,e2,e3] ->

let el’ = typecheck el tenv
e2’ = typecheck e2 tenv



e3’ = typecheck e3 tenv

rt =if typed el’ == T_Bool && typedf e2' == typedf e3’
then typeO™r e2’
el se error ("Typechecking: if requires a bool ean and "
++ "two expressions of the sane type; found <"
++ show (typeOf el’) ++ ">, <"
++ show (typeOF e2') ++ "> and <"
++ show (typeOF e3') ++ ">")

in Term (S_If,rt) [el ,e2 ,e3"]

Term (S _Fun rt fn (pn,pt)) [e] ->
let tenv' = (fn, T_Arrowpt rt) : (pn, pt) : tenv
e’ t ypecheck e tenv’
ct if typeO* e == rt
then T_Arrow pt rt
el se error ("Typechecking: declared return type <" ++ show rt
++ "> does not agree with actual return type <"
++ show (typeOf e') ++ ">")
in Term (S_Fun rt fn (pn,pt), ct) [e']

Term S _App [el,e2] ->
let el’ = typecheck el tenv
e2’ = typecheck e2 tenv
ct = case (typeO™ el , typeO™X e2') of
(T_Arrowt2 t, t2') | t2 ==1t2" ->1t
(t1,t2) ->
error ("Typechecking: attenpting to apply a "
++ "function of type <"
++ show tl ++ "> to an argunment of type <"
++ show t2 ++ ">")
in Term (S_App,ct) [el ,e2"]

exp -> error ("Typecheck: unexpected expression " ++ show exp)

type Pos = [Int]

up :: Pos -> Pos
up [1 =[] -- NOT an error (used to return fromtop |evel evaluation)
up ds = init ds

firstPos :: Pos
firstPos =[]

down :: (Pos,Int) -> Pos
down (ds,d) = ds ++ [d]

-- During evaluation we replace syntactic constructors by dynam c val ues or
-- runtime errors

subst MLExp :: (MExp, M.Exp, Pos) -> M.Exp

subst MLExp (e, (Term_ ), []) = e

subst MLExp (e, (Terma ts), p:ps) =



let (Its,rt:rts) = splitAt pts
in Terma (lIts ++ [ subst M.Exp(e,rt,ps) ] ++ rts)
subst MLExp (el, e2, p) =
error ("subst MLExp: unexpected arguments
++ show el ++ ", "
++ show e2 ++ ", and "
++ show p)

-- context takes an expression and a position and returns

-- the subexpression at the position

context :: (MExp, Pos) -> MExp

context (e, []) = e

context (Term _ es, i:is) = context (es!!i, is)

context (e,p) = error ("context: unexpected expression and position "
++ show e ++ " and "
++ show p)

code :: Dynamic M.Exp

code = initVal "code" asnDefault
pos :: Dynam c Pos

pos = initVal "pos" firstPos
env :: Dynam c VEnv

env = initVal "env" []

type SFrane = (M.Exp, Pos, VEnv)

stack :: Dynam ¢ [ SFrane]
stack = initVal "stack" []

initialize :: M.Exp -> 10 ()
initialize e =

firel (do code := e
pos := firstPos
env =[]
stack :=1[1])
-- Eval uati on:

-- * proceeds by finding a position where we can eval uate
-- * performs the eval uation
-- * replaces the constructor at the position with the val ue

vl ookup :: String -> VEnv -> MVal ue
vl ookup v [] = error ("vlookup: unexpected unbound variable" ++ v)
vl ookup v ((s,va):r) =if v == s then va el se vlookup v r

execM. :: Rule ()
execM. =



case context (code, pos) of
Term (S_Numi) [] ->yield (Term (R Val (V_Numi)) [])
Term (S _Var v) [] ->if v ‘elem map fst env
then yield (Term (R _Val (vlookup v env)) [])
el se skip
Term (S Primop) [Term (R Val v1) [], Term (R Val v2) []] ->
if op==0DvVv & v2 == V_NumO
then yield (TermR _DivZero [])
else yield (Term (applyQp op vl v2) [])

Term (S Primop) [Term (R Val vl) [], TermR D vZero []] ->
yield (Term R DivZero [])

Term (S Primop) [Term (R Val v1) [], e2] -> pos := down (pos,1)
Term (S_Primop) [TermR DivZero [], e2] -> yield (TermR.DivZero [])
Term (S_Primop) [el,e2] -> pos := down (pos,0)
TermS True [] ->yield (Term (R_Val V_True) [])
Term S False [] -> vyield (Term (R Val V_False) [])
Term (S _If) [TermR DivZero [], e2, e3] ->yield (TermR DivZero [])
Term (S _If) [Term (R Val v1) [], e2, e3] ->
case vl of

V_True -> yield e2

V_False -> yield e3

_ ->skip
Term (S _If) [el,e2,e3] -> pos := down (pos,0)

Term (S_Fun rt fn (pn,pt)) [e] ->
yield (Term (R Val (V_Cosure (Term (S Fun rt fn (pn,pt)) [€e]) env)) [])

Term S _App [Term (R_Val v1) [], TermR DivZero []] -> yield (TermR D vZero [])
Term S _App [Term (R_Val v1) [], Term (R_Val v2) []] ->

case vl of
V_ Closure (Term (S Fun rt fn (pn,pt)) [e]) lenv ->

do stack := (code, pos, env) : stack
code := e
pos : = firstPos
env := (pn,v2) : (fn,vl) : lenv

_ ->skip
Term S_App [Term R DivZero [], e2] -> yield (TermR_DivZero [])
Term S App [Term (R _Val v) [], e2] -> pos := down (pos, 1)

Term S _App [el, e2] -> pos := down (pos,0)



Term (R Val v) ts ->
case stack of

[T -> skip
(cl,pl,el):s1 -> do code := subst M.Exp (Term (R Val v) ts, c1, pl)
pos := up pl
env := el
stack := sl
Term R DivZero [] ->
case stack of
[1 -> skip
(cl,pl,el) : sl1 -> do code := subst MExp (Term R DivZero [], cl, pl)
pos := up pl
env := el
stack := s1

e -> error ("execM.: unexpected expression " ++ show e)

yield :: MExp -> Rule ()
yield result = do
code : = subst M.Exp (result , code , pos)

pos := up pos

-- Evaluation

eval :: MExp -> 10 ()

eval e = do put Str "--------oo oo \ nTypechecking..."
put Str "\ nExpression:
print e

putStr "has type:

print (typedX (typecheck e []))

PUL St M mm i m oo e oo \ nEval uating...\n"
initialize e

fixpoint (trace printState execM)

printVal ue

applyOp :: M.Op -> MValue -> MVal ue -> M.Form
applyOp OPlus (V_.Numil) (V_.Numi2) = R Val (V_Num (il1l+i2))
applyOp OTimes (V_.Numil) (V_.Numi2) = R Val (V_Num (i1*i2))
applyOp OMnus (V_Numil) (V_.Numi2) = R Val (V_Num (i1l-i2))
applyOp ODiv (V.Numil) (V.Numi2) = R Val (V_Num (il/i2))
applyOp O Equal (V_Numil) (V_Numi?2) =

R Val (if il ==1i2 then V_True else V_Fal se)
applyOp O LessThan (V_Numil) (V_Numi?2) =

R Val (if il <i2 then V_True else V_Fal se)
applyOp op vl v2 =

error ("appl yOp: unexpected operator and val ues"

++ show op ++ ", " ++ show vl ++ ", and " ++ show v2)

printState :: 10 ()

printState = do putStr "<code ="
print code

10



put Str ", pos
print pos
putStr ",env ="

print env

putStr ",stack size ="

print (length stack)

putStr ">\n----------oaaaaoo \n"

printValue :: 10 ()
printValue = do putStr "VALUE = "
case code of
Term (R _Val v) [] ->print v
Term R DivZero [] -> putStr "Exception: division by zero"
_ ->error ("Unexpected value" ++ show code)

nunkE e Term (S_Nume) []

varE e Term (S_Var e) []

trueE = Term S_True []

falseE = Term S_Fal se []

prinE b el e2 = Term (S _Primb) [el, e2]
addE el e2 = prinkE O Plus el e2

divE el €2 = prinE ODiv el e2

|l ess el e2 = prinE O LessThan el e2
ifE el e2 e3 = TermS_If [el, e2, e3]
funErt fn (pn,pt) b = Term (S _Fun rt fn (pn,pt)) [ b ]
appE el e2 = Term S_App [el, e2]

t1 = addE (addE (nunkE 1) (nunkE 2)) (addE (nunkE 3) (nunkE 4))
t2 = addE (addE (nunkE 1) (nunkE 2)) (addE (di vE (nunE 1) (nunE 0)) (nunkE 4))
t3 = appE (funkE T_Int "f" ("x",T_Int) (appE (varE "f") (varE "x"))) (nunkE 0)
t4 = ifE trueE (nunkE 1) t3
t5 = funE T_Int "f" ("x",T_Int) (ifE (prinE O_Equal (varE "x") (nuntE 0))
(nunt 1)
(prinE OTinmes (varE "x")
(appE (varE "f")
(prinmE O Mnus (varkE "x") (nunk 1)))))
t6 = appE t5 (nunE 5) -- factorial of 5
t7 = funE T_Int "f" ("x",T_Int) (ifE (prinE O_Equal (varE "x") (nunkE 0))
(nunt 1)
(prinE O_Tines
(appE (varE "f")
(prinE O Mnus (varkE "x") (nunk 1)))
(varE "x")))
t8 = appE t7 (nunkE 5) -- checking environnment after popping stack

t9 = divE (nunE 1) (nunkE 0)

t10 = lesse t9 (nunkE 0) -- a boolean DivZero
t1l = ifEt10 t5 t5 -- an int->nt divZero
t12 = appE t11 (nunk 0)
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showSepBy :: String -> [ShowS] -> ShowS

showSepBy _ [] =id

showSepBy _ [x] X

showSepBy sep (x:Xxs) X . showString sep . showSepBy sep xs

instance Text M.Type where
showsPrec _ T_Int = showString "int"
showsPrec _ T_Bool = showString "bool"
showsPrec _ (T_Arrowtl t2) = shows t1l . showString " -> " . shows t2
showsPrec _ t = error ("show unexpected type " ++ show t)

instance Text M.OQp where
showsPr ec O Plus = showString "+"
showsPr ec O Tinmes = showString "*"
showsPr ec O Mnus = showString "-"
showsPr ec ODv = showsString "/"
showsPr ec O Equal = showString "=="
showsPr ec O LessThan = showString "<"
showsPr ec op = error ("show unexpected operator " ++ show op)

instance Text a => Text (M.Terma) where
showsPrec _ (Terme []) = shows e
showsPrec _ (Terme es) =
shows e . showString "{" . showSepBy " , " (map shows es) . showString "}"

i nstance Text M.Form where
showsPr ec (S_Numi) = shows i
showsPr ec (S_Var v) = showString v
showsPr ec (S_Primbop) = shows bop
showsPr ec S True = showString "true"
showsPr ec S False = showsString "fal se"
showsPr ec S If = showstring "if"
showsPrec _ (S _Fun rt fn (pn,pt)) =
shows rt
showString (" " ++ fn ++ " (" ++ pn)
showString ":"
shows pt
showString ") "
showsPrec _ S App = showString "@
showsPrec _ (R Val v) = shows v
showsPrec _ R DivZero = showString "DivZero"
showsPrec _ ¢ = error ("show unexpected form" ++ show c)

instance Text M.Val ue where
showsPrec _ (V_Numi) = shows i
showsPrec _ V_True = showString "true"
showsPrec _ V_Fal se = showString "fal se"
showsPrec _ (V_Closure exp env) = showString "<cl osure>"
showsPrec _ v = error ("show unexpected value " ++ show v)
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